In Figure 1 is shown a thromatogram of fraction 4· The peaks marked in this and subsequent figures were identified by comparing retention times and fluorescence spectra with those of known samples*. In this fraction are found mainly polycyclic compounds with two and three rings; naphthalene, fluorene, anthracene, and fluoranthene are prominent**. In fraction 5 (Figure 2 .), the same compounds occur, along with pyrene and methyl-pyrene. In the following fraction (Figure 3 ), only pyrene was identified. Other 4-ring polycyclics anticipated in this fraction, suth as Chrysene or benz(a)-anthracene are obscured by two !arge peaks which will be discussed below. In fractions 4, 5, and 6 the aliquots chromatographed corresponded to .oB to .16 cigarette. In subsequent fractions, the muth smaller quantities of the higher polycyclics made necessary a considerably larger sample size. In fraction 7 (Figure 4 ), benzo(b)fluoranthene, benzo(e)pyrene, perylene, and benzo(a)pyrene are prominent. In fraction 8 ( Figure 5 ) thesearealso seen, along with benzo(ghi)perylene and dibenz(ah)anthracene.
• This was accomplished by repetitive temperature programmed gas-chromatographic separations followed by isothermal c:bromatography until satisfactory fluorescence spectra were obtained. Purification stages were monitared with electron capture detection.
•• Biphenyl, phenanthrene, and 9-methylanthracene were detected in this fraction by isothermal gas c:bromatography at 18o° C.
A summary of the compounds identified is given in Table 2 . Of these, g-methyl anthracene and biphenyl have not been previously reported in cigarette. smoke (2) . No attempt was made to establish the quantities present of these compounds. It is evident from the chromatograms that the amounts present generally decrease with increasing nurober of rings. The substances designated PP in fractions 4, 5, and 6 are the !arge peaks mentioned above. These are not polycyclic aromatic compounds. Several of these were isolated. Their infrared spectra revealed that they were unsaturated aliphatic hydrocarbons having both di-and tri-substituted double bonds and having a CHs to CH2 ratio of about 1. They were fluorescent, having emission maxima in the region 360-420 millimicrons. Their ultraviolet spectra had only smoothly increasing background adsorption from 400 to 250 millimicrons with no distinct maxima. We believe these compounds to be linear polyisoprenoid polyenes of the type represented by phytadiene or solanesol, both of which occur in cigarette smoke. Their fluorescence implies the presence of at least 4 conjugated double bonds, although the fluorescence may be due to a minor aromatic impurity. These compounds have also been observed in the hydrocarbon fraction of smoke by other workers. We have found that these materials are separable from benzo(a)pyrene only by repeated chromatography on acetylated cellulose, and we conclude that they are the source of the background absorption in the ultraviolet which obscures the ultraviolet spectrum of benzo(a)-pyrene isolated from cigarette smoke. The chromatograms presented here give an overly simple picture of these &actions of cigarette smoke, because of the greater sensitivity of the electron capture detector to polycyclic aromatic compounds. In Figure 6 is shown a chromatogram of fractions 3 through 9 combined, using a thermal conductivity detector and temperature programming. The sample size was such that no polycyclic compounds were present in amounts great enough to give a visible peak with this detector. It is evident that a great many compounds other than polycyclics occur in these &actions.
Aliquot -24 cigt. . Column temperoture progrommed 100/min. from 500 to 3000 C TC detector
X2 FIGURE 6
Fractions 3-9 combined The procedure outlined here was readily adapted for quantitative measurements. This was demonstrated for benzo(a)pyrene. The particulate phase of smoke* from So cigarettes was chromatographed on silica gel as described above. Fractions 7 and 8 were gas chtomatographed, using the electron capture detector. Benzo(a)pyrene was estimated by comparing its peak height with a Analysis of B(a)P in cigareHe smoke however, good relative agreement with the published results. The chief advantage of this method of analysis is that it can easily be extended to the determination of any of the compounds identified il\ the gas chromatograms of these fractions. In practice, however, benzo(a)pyrene is often taken as representative of the higher polycyclic aromatic compounds. Because of this, we have developed a procedure for benzo(a)pyrene alone which is suitable for routine multiple analyses. This procedure, shown in Figure 7 , is a modification of a previously published procedure (4). The modifications we have made represent an improvement of existing procedures in three respects. First, the use of methyl cellosolve as the developing solvent for the paper chromategram gives better Separation of benzo(a)pyrene from other polycyclic compounds than do previously reported solvent systems. This permits us to apply the total benzene eluate to the paper chromatogram, eliminating the need for careful fractionation in the silica gel chromatography with a concomittant saving in analysis time. Second, the higher specificity of fluorescence excitation and emis,-. sion as compared with ultraviolet absorption eliminates the necessity for multiple paper chromatograms. In particular, the materials responsible for the "background" absorption in the ultraviolet do not fluoresce when activated at 385 millimicrons, and a single paper chromategram of the total benzene eluate gives a benzo(a)pyrene fraction whose fluorescence. spectrum shows no evidence of any interfering fluorescent substances (Figure 8) .
Finally, the greater sensitivity of fluorescence measurements permits the use of smaller sample sizes which in turn allows us to eliminate most of the previously reported initial separation steps. We have found, using the particulate phase from 20 cigarettes, that extractions to remove acidic and basic components and partitions between solvent pairs such as nitromethane: cyclohexane are entirely unnecessary. In order to correct for Iosses during the procedure, C14 -labeled benzo(a)pyrene is added to the initial smoke sample and the final benzo(a)pyrene fraction, after the fluorescence measurement, is counted. Recoveries range between 8o0/o and 90°/o, and the final figures are corrected for this loss. The recovery of known benzo(a)pyrene, added to smoke was 960fo (Table 4) . Multiple determinations on a commercial filter-tip cigarette indicated a standard deviation of about 1.oO/o of the mean value. 
RtSUMt
Un procede se servant d'un chromatographe a gaz muni d'un detecteur a capture d'electrons est decrit. 1.5 hydrocarbures aromatiques polycycliques ont ete identifies par le fractionnement par passage sur colonne de silice de la fumee de cigarette et, subsequemment, par 1' analyse des fractions par chromatographie gazeuse. L'application de la methode.etait demontree par l'exemple de l'analyse quantitative du benzo-a-pyrene. Une determination du benzo-a-pyrene dans la fumee de cigarette utilisant Ia separation par chromatographie sur papier suivie par une mesure de spectrofluorometrie est egalement decrite. Ce procede donne des resultats bien precis lors de l'emploi d'un echantillon de 20 cigarettes et represente une simplification remarquable des methodes precedentes.
